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RESEARCH MEMORANDUM 
far tko 





recove- chwacteristics of a 1-8ctiLe model of the North he r i can  

XFJ-1 airplane. The XEJ-1 is a low-wing, single-place,  Jet-propeUed 
fighter . 

25 

The spin and recovery chevlacterietica were determined for erect 
spine in  the nomnal and long-range loadings. The effect of extending 
the  dive brakes waB a lso  investigated. Tests were performed to 
dete2znLne the optirnm size wing-tip a d  t a l l  parachutes that  ahould 
be used a8 emergency-recovery  devices, Tests were also perfomed 
to determine the best method for the pilot to leave the airplane in 
an emergency, and t o  debmine the rudder force required for 
r0COVel-y fram th6 8Pw. 

b wing apan, fee t  

m .  mass of airplane, slugs 

S u h g  mea, square feet 

E m e a  aerodpx&.c chord, feet 

X / E  ra t io  of distance of center of gravity regtrward of 
leading edge of mean aerodynarmfc choml to man 
anrodymnic chord 

2 /e- ratio of distance between center of gravity and. thrust 
l ine t o  mean aerodgnsmic chord (ps i t ive  whon center 
of gr€iTity is b e l o w  thrust line) 

IX, IY, rz mamsnts of inertia about X, Y, and z body axes, 
respective-, slug-feetz 

Inertia yawing-mmnt parameter rx - =Y 
mb2 

L 

I 

rz - I~ 
iner t ia  pitching-mcanent parameter 

m G  

P air density, slug per cublc foot  
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a 

4 angle between apan axis and horizontal, degrees 

v full-scale true rate of descent, feet per eecond 

n full-scale ea- velocity about spin axis, revolutions 
per secand 
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Model 

The ---male model of the North herfcan X3J-I afrplane wed 1 
2.5 

for the teste  a 8  furnished by the Bureau of Aeronautic8, Navy 
Department, and wae prepared for testing and checked for d€tnermi& 
eccuracy br Langley. Dfneneimal characteristics of the airplane 
are given in table I. A three-view drawiw of the model a8 tested 
fn the 210- loadlng is even as figure 1. Photographe of t he  
model in t h e  normal and long-range l o t d i ~ g ~  are &own in figure 2. 
F'igure 3 show a sketch of the mdel with the dive bralcea extended. 
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A &-scale mcdel of a 6-foot man used for  the  pilot-escape 
t e s t s  wae buflt by m e y  afld was dynamically ballasted by means 
of lead mi&t t o  represent a p i lo t  with a parachute (200 lb) 
at  an alt i tude of l~,oOO feet. 

Wind Tunnel and Testing Technique 

The t e s t s  were performed Tn the Langley 20-foot free-spinning 
tunnel, the operation of whlch, in general, is similar t o  that 
described in  reference 1 for the Langley 15-foot free-spinning 
tunnel. With the controls set in poeition,  the model is launched 
by hand into t h e  vertically rising air stream. After a n m h r  of 
t m s  In the  established- spin, a recovery  attempt i s  nsada by moving 
one or maore  controls by mans of  the  remote-cmtrol mechanism. 
After recovery, the model dives i n t o  the safety net. The spin 
data, obte.ined f r o m  these tests are then converted to comesponding 
full-scale ~KLues by methods also described In reference 1. The 
m o d e l  iS shown s ~ ~ n n ~ ~  in the -ey m-foot free-spiming 
tunnel in figure 4. 

EI accordance with a.t;a3ldard spin-tunnel procedure, t e s t a  were 
pwformed t o  determFne the spin and recovery characteristic8 of 
the model for the normal sp-ng control  configuratfon  (elevator 
full up, a i l e m  neutral, and rudder ful l  wLth the spin) and for 
vasiow other  a.5leron-elevator ccrnbinationa including neutral and 
maximum settings of the  control surface8 f o r  various mdel conditions. b 

Recovery W% generally Ftttemgted by rapid full. rudder reversal. from 
full  with t o  full against  the spin. Tests =re also performed t o  
evaluate tho possible adverse effects of &1 deviations f r o m  the 
normal ccntrol configuration for epinning.  For these teste,  the 
elevator m a  aet at either two-third8 of its full-up deflection, 
o r  full up, while t h e  ailerons were one-turd of full deflection 
Zn the direction ccfl-uccfw t o  the slower recoverlee (with the spin 
for the xF3-1 model). Recoveries from th i s  spin were attempted Iy 
either rapidly reversing the rudder from full with to tm-thirds 
against the spin or  by simultaneous movmnt of the rudder to two- 
th i rds  against  the s--in a d  of the  elevator t o  one-third down. 
This particular control con_figura;tion and manipulation is referred 
to as the "criterion spin." Turns for recovery were measured from 
the tfme the  controle were moved, o r  the  parachute wae opened, to 
the time the spin rotation ceaaed. Spin-tunnel  experience hea resulted 
in the  requiramnt that f o r  a model t o  be considered as satisfactory 
88 rogmxls sptn recovery, tho m c r d e l m t  recover fmm the  criterion 
spin in 2 tu rns  o r  less. t 

For the spins which heA a rate of descent in excese of that  
which could be readily attained in t he  tunnel, the rate of descent 

I 
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€!RECISION 

The win results presented herein are 'believed to be the 
true values given By the model within the following limits: 

a, degree0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  tl 
$, degrees . . . . . . . . . . . . . . . . . . . . . . . . . .  .*I 
V,percent . . . . . . . . . . . . . . . . . . . . . . , , . . . . . - ! ? j  
?& percent . . . . . . . . . .  . . . . . . . . . . . . . . *  

+- tlzrn when obtained Warn motion -4 
Turns f o r  picture records 

3- turn when cbtained By 
visual  estimate 

' i-i 

recovery . . . . . . . . . .  c -. 

1 
2 

The preceebine; linits m y  have been exceeded for certain spine 
in which it wae di f f icu l t  t o  control the model i n  the t m e l  because 
of the hf& rate of descent or becmse of the wandering o r  oscillatory 
nature of the spin. 

Li t t l e  can be stated about the precieion of  the pilot-escape 
t e s t s  as no comparable airplane data are available. It is f e l t ,  
however, that if  the au~lany pf lo t  ie observed t o  clear d l  parts of 
the model by a large ma-rgin a f te r  being released, the p i l o t  m q  
eecape frm the correspcnding airplane. 

Because it fa considered Tmpracticable to ballast tho model 
exactly and because of fnadvortant damage to t h e  mods1 dm- the 
tests, the measured w e i g h t  and ma88 distribution of the XFJ-1 ?nodel 
varfed fram the true scded-down valuee within the followfng limits: 

Weight, percent . . . . . . . . . . . . . . . . . . .  2 low t o  1 low 
Cen-ber-of-gravity location,  percent E . . . . . . .  1 fcrward t o  0 

Ix, percent 3 high t o  2 high 
,piomenfa of inertia y, percent , . . , . . , , , 1 30%- to 1 high 

jrz, percent . . . . . . . . .  4 l o w  to 2 l o w  

. . . . . . . . .  TI 
L 

I 

! 



The limits of accuracg of the measmmwnts of the ~ B B  
characterietice were as f O l l O W 8 :  

Weigbi;,  percent . . . . . . . . . . . . . . . . . . . . . . . . .  21 
Center-of-grmdty location, percent F . . . . . . . . . . . . . .  tl 
Moments of inertia, percent . . . . . . . . . . . . . . . . . . .  2j 

Control8 were set with an accuracy of fro. 

Rudder, degree8 . . . . . . . . . . . . . . . . .  25 right, 25 left  
Elovator, degrees . . . . . . . . . . . . . . . . . .  30 up, 10 down 
ailerons, dogreee . . . . . . . . . . . . . . . . . .  30 up, XI d o m  
Dive brakes, degrees . . . . . . . . . . . . . . . .  90 up and down 

The In te rnKate  control deflsctione used were: 

Rudder, two-ehfrds deflected, degrees . . . . . . . . . . . . .  162. 3 
Elevator, tm-thirds up, degrees . . . . . . . . . . . . . . .  20 
Elevator, one-Urd  doxn, degrees . . . . . . . . . . . . . . .  I 
Ailemma, one-third deflect&, degrees 10 up, 7 4 aown 3F 

5. 
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RESOLTS AND DISCUSSTOX 

UACA EM Bo. L&29 

The results of the tests are presented on charts 1 through 3 
, and table N. "he model data are presented i n  t e r n  of f a - s c a l e  

values fo r  the airplane at an a3tittti.e of 15,000 feet. R3.gh-t and 
l e f t  spins of the model were generally similar. A l l  data are 
arbitrarily presented in terms of right spins msy be cormidered 
representative of the  airplane spinning in  either  directlcn. 

Normal Loadfng 

clean codition.-  The result8 of erect spin t e s t a  of the model 
&re presented on chart 1. All mine obtained were steep I t t h  a 
high rate of descent. Recovery 3y full rapid rudder reversaL w&8 

satisfactory f o r  all apina. 

The results indicated tbat af te r  recovery fram lgme wins, 
the model tended to spin fn the oppoaito direction when full 
rudder reversal was used. Test results with rudder  neutralization 
indicated  satisfactory recoveries wlth a diminished tendency f o r  
the model to enter a apin i n  L Ie  opposite  direction. It is there- 
fore recommended that extreme care be exercised by tho pilot  to 
avoid entoring a spin in the  opposite  direction &en recovem is 
ettermpted. 

Dive br8,kes extended.- C h a r t  2 gives  the teat results cbta,ined 
wlth the model i n  the normal load5ng with the dive brakes ~"ully 
extended. sxtending t he  dive brakes had l i t t l e  effeot on -the spin 
and recovery characteristics of the model. A l l .  s p h s  obtained were  
steep with high rates of descent. Aileron-against s p a s  wore 
s l igh t ly  steeper and atleron -with spine were as steep but had 
somewhat slower recoveries t h m  corresponding norms3 loading, clean 
condition  spins. 

Long-Range Loading 

Results of teats  made with ex te rna l  fuel tanks installed on 
the v3ng t ips  are given on chart 3. Aileron-with settings were 
very adversely afr"ec-ted by this loading chmge, and recovexT, 
'based on the criterion  spin, was not considered satisfactory by 
rudder reverAal alone; satisfactory recovery m e  obtained, however, 
when ths elevator was moved down in conjunction with rudder 
reversal, 

. 
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Spin-Recovery Parachute Tests 

Results of spin-recovery pasachute tests are presented in 
table IV. For these teste, &a previously mentimed recoveriee 
-re attempted by openiw the psachute without mflhg tihe controls. 
The model parmhutee -re of t h e  flat circular m e ,  d e  of sflk, 
asd had d m g  coefficiente 88 indicated in ’able Ip. Tf parachutes 
wlth lower drag coefffcients are used on the airplane the parachute 
dfaaneters must be coxeSpand1ngl;g larger. 

T a i l  parachute t es te  .- Teat results with tail parachutes 
show that an 8.3- footFachute  with a drag coefficient of 0.67 
and with a 5-foot towline wae t h e  minimm s i z e  that would cause 
satisfactory recoveries from spfns ’by parachute %-Lion alone. 

Pilot-Escape Tests 

Although not specifically tested, ~ o m e  imerted spina -re 
obtained fn the course of the t e e t  program after recwaries f r o m  
erect s p k s .  B w e d  on the reaults presented in reference 6 a3ld 
spin-tuzmel exgerience gained vlth other models, it is fe l t  that 
recovery f’rm a l l  inverted spins obtained with thie  d e l  would 
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have been satisfactory by full rudder reversal followed by stfck 
neutralization, la teral ly  and longitudinally. 

Lending Condition 

The landing codi tLon was not  tested 011 the model fnamnuch as 
the current Navy apecificatione requtre airplanes to demonstyate 
satisfactory recoveries in the landing  condition from only  l-tum 
spins. At the end of 1.-turn, the airplane wlll probably @till be 
in an incipient  eyin frm which  recoveries a r e  mre readily obtafned 
then from Fully developed spins such a8 are obtained Mth modsls 
i n  the free-sphxbg tunnel. An amlysie of t h e  results of full- 
scale & mode l  testa of many airplanes to determine the effect 
of f laps  and landing gear indicates that the XFJ-1 &rpla;ne w i l l  
probably recover  sa5isPmtoril.y from a -1-turn spin in the l a n d i r q  
condition  but  that rscoverles from fully developed spins in the 
landing condition may be unsatisfactory. It is reccrmmended, thore- 
fore, that the flaps be neutralized and recovery be attempted 
immediately  upon enteriw a spin in  the landing condition in order 
to insure that t~aneition from the incipient  to the fully developed 
w i n  doeB not take plwe. 

Control Forcea 

The dl&xml.on of the resul ts  80 fa r  has keen b a e d  an control 
effectiveness alone without regard t o  the forces required to move 
the controls. For as1 tests, 8s previoudy mentioned, sufficient 
force was applied to the controls to  mve t h a n  fully and rapidly. 
Suf'ficiant force must be applied to the airplane controls to mve 
them fn a similar manner in oraer for model and airplane resulta 
ti, be comparable. 

A f e w  t e e t s  ~ m r 0  performed with the model in the nomml loading 
in Wfiich t he  forces applied to t h e  rudder In order t o  effect a 
recovery were measured. The results indicated that  the full-scale 
rudder pedal force muld be a p p r o - a t e l y  LOO pounds which, as 
indicated 3n reference 7, is within the  CapabilPties of the pi lo t .  
Because of' lack of det%fl i n  t h e  balance of the model, of inertia 
mass-balance effects, and of scale effects, these results are only 
qualitative indications of t h e  actual forces that may be experienced. 
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--scale nodel of the 1 
25 
concluaions regmdhg 
afrplane at a spin 

3. Becoveries from trwerted spins will be eatisfacto~.g bg 
rapid rudder reversal and stick neutralization. 

4. If neceasaq to  aBsndon the airplane fn a epfn, the p i l o t  
should leave frcm the o?ltbcard afde. 

5 The milder pedal force aeceasqy to effect a a t i e f ~ t o r y  
recovery will be within the physical capability of %he pilot. 

Langley Menorial Aeronautical L&oratory 
Eat i0r .d  AdV l~o rg  Cananittee for  Aeronsutics 

Langley Field,  Va. 



12 W A  RM No. Lf%29 

2. Seidman, Oscar, end Icamm, Robert W. : Anttspin-Tail-Parachute 
Installations. MACA RB, Feb. 1943. 

3 .  Seidman, Oscar, end melhoum, A. I. : Comparison of Free- 
Spluning 'FJind-Tunnel Results with Comspondlne; Full-Scale 
Spin Results. RAGA M R y  Dec . 7, 1938. 

4. Neihouse, A. I.: A Mass-Diatributfon Criterion for Predicting 
tha EiPfect of Control Manfpulation on t h e  Recovery from a 
Sgin. I W A  ATIR, AM. 1942. 

5 .  Neihouse, Anshal I., Lichtonateln, Jacob H. and Pepooz, 
Philip W.: Tail-Desi@ Requirements for SEbtisfactory Spin 
Recovery. NNA'  TM No. 104.5, 1946. 

6. M a c D o u g l l ,  George F. Jr.: Tests of Inverted Splna in the 
NACA Free-SgFMing Tunnels. NACA ARR No. m2, 1943. 

7. Gough, M. E., and B e d ,  A. P. : Limitations of the P i l o t  in 
Applyfng Forces t o  Alrplme Controls. EACA TN No. 550, 1936. 



b NACA RM No. I6K29 

TABU I:. - DTMENSIONAL CHWXTEBISTICS OF THE 

Length over all, feet . . . . . . . . . . . . . . . . .  
NoxDaL weight, p o l d B  . . . . . . . . . . . . . . . . .  
Normal center-of-gravity  location percent M.A,C. . . .  
wing: 

span, feat . . . . . . . . . . . . . . . . . . . . .  
Area, square fee t  . . . . . . . . . . . . . .  
Section . . . .  . . . . . . . . . . .  m ~ 6 <  

Root, degrees . . . . . . . . . . . . . . . . . . .  
Tip, dewees . . . . . . . . . . . . . . . . . .  
Dihedral, degrees . . . . . . . . . . . . . . . . .  
Aapect ra t io  . . . . . . . . . . . . . . . . . . . .  

Lnc idence : 

Mean a e r o d g n d c  chord, inches . . . . . . . . . .  
span, percent of b/2 . . . . . . . . . . . . . . . .  Ailezona: 

Hinge l b e  to trei1b-g edge, percent of v T n q  chord . 
T o t a l  mea, square feet . . . . . . . . . . . . . . .  
Span, feet  . . . . . . . . . . . . . . . . . . . . .  
Elevator area a9t of Xnge line, aqua3.e feet  . . . 
Dis-t;ance frmn normal canter of p a v i t y  to elevator 

hinge line, feet . . . . . . . . . . . . . . . . .  

Horizontal tail w-irfaces: 

Dihedral, degrees . . . . . . . . . . . . . . . . .  
Incfdence, degrees . . . . . . . . . . . . . . . . .  

Vertlcal W l  aurfaces: 
T o t e l  m a ,  sqm fest  . . . . . . . . . . . . . .  
T O W  rudder area aft of 11-e llne, square feet . . 
Distance from noma3 center of gravfty to ruador 

h5nge lFne, feet . . . . . . . . . . . . . . . .  
Tail-danping power factor . . . . . . . . . . . . . . .  

* .  33.7 . . 12,151 
. . 22.8 

. -. . 38.1 

. . 255.3 
-112,a = 0.6 

. .  . 1  . a . -1.5 . . . .  5 . . . .  5.7 . . .  .84.3 

. . .  36.6 . . .  25.0 

- 59.7 . . .  17.4 . . 15.5 
. . .  17.9 . * .  10 . . .  -.5 

. . .  30.2 
, . . * 7 .3  
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t a) Long-Range  Loading. 

( b  1 Normal  Loading. 
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Figure 2.- Photographs of the -- scale model of the  North  American 
I 

25 
XFJ-1  airplane in t h e  long- range   and  normal l o a d i n g s .  

NATIOftAL ACVISORY COIIMITTEE FOR AERONAUWS 

LAffiLEY UEYORIAL AERONAUTICAL M O R A T O R Y  - LANGLEY Flu. VA. 
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Figure 4.-  Photograph o f  t h e  -- s c a l e  model o f  the  North  American 1 
25 

XFJ-1  a i r p l a n e   s p i n n i n g   i n   t h e  20- foot  f r e e - s p i n n i n g   t u n n e l .  
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